This study investigates inequality of opportunity in educational achievements in Turkey over time. For this purpose we use test scores of PISA in mathematics, science and reading achievement of 15-year-olds over the period 2003-2012. Since the different waves of the samples cover only a fraction of the cohorts of 15-year olds we take into account the inequality of opportunity in access to the PISA test as well as the inequality of opportunity of the academic achievement in the PISA test. This procedure enables proper over time comparisons. We estimate the effect of circumstances children are born into on their academic achievement as evidenced in their PISA test scores. The main findings are as follows. First, confirming the previous studies we find that inequality of opportunity is a large part of the inequality of educational achievement in Turkey. Second, the inequality of opportunity in educational achievement shows a slightly decreasing trend over time in Turkey. Third, the inequality of opportunity figures based on the mathematics, science and reading achievements exhibited the similar trend over time. Forth, the family background variables are the most important determinants of the inequality in educational achievement which is a consistent pattern over time. However, there is also evidence of slight weakening of these factors over time. Policies are necessary to improve equality of opportunity in education in Turkey.
Introduction
In the literature on social justice two different concepts of inequality are advanced. They are inequality of outcomes and inequality of opportunities. Influential writers on this topic such as Dworkin (1981a and 1981b) Sen (1985) , Arneson (1989) and Cohen (1989) have argued that fairness of a given allocation should not be judged by the inequality in the distribution of outcomes. Roemer (1998) popularized the concept of "inequality of opportunity" He referred to outcomes as advantages and distinguished between the inequalities in advantages that are due to the "circumstances" and inequalities in advantages that are due to the "effort".
Circumstances are the reasonably held responsible such as, gender, race or family background. Efforts are the factors for which individual can be held responsible such as, choices made and the effort expended in work. Accordingly, Roemer defines "inequality of opportunity" as a state of affairs in which the distribution of advantages is independent of the circumstances. He further contends that inequalities that are due to circumstances are unjust and should not be tolerated. However, the inequalities that are due to the efforts of the individuals and the choices made by them are acceptable.
In the literature on inequality of opportunities several advantages are considered. The advantage that is studied most often is income or consumption. Such studies include for instance . The second most studied advantage is educational achievement such as those by Ferreira and Gignoux (2010) and Salehi-isfahani et al. (2014) . Finally, there are a few studies on the advantage of child health such as that by Assaad et al. (2012) . This paper considers the advantage of educational achievement in Turkey. Inequality of opportunity in educational achievement is examined using the results of the Programme for International Student Assessment (PISA) conducted by the Organization for Economic Cooperation and Development (OECD) . We use four waves of PISA test scores in mathematics, science and reading for period 2003-2012. In examining the inequality of opportunity in education this study takes into account both the inequality of opportunity of the academic achievement in the PISA tests. Our results confirm the previous findings that inequality of opportunity is significantly large part of the inequality in educational achievement. Over time examination shows a slight increase in the inequality of opportunity in educational achievement over the past 10 years. The inequality of opportunity figures based on test scores in mathematics, science and reading are similar.
The family background variables are the most important determinants of the inequality of educational achievement which seems to have weakened slightly over time.
The remainder of this paper is organized as follows. Section 2 briefly reviews the studies on the inequality of educational achievement in Turkey. Section 3 briefly summarizes the methodology used in examining the index of inequality of opportunity. Information on the four PISA surveys used in the empirical application is discussed in Section 4. The main empirical results are presented in Section 5. Section 6 gives the concluding remarks.
Review of Literature
There are several studies that examine the inequality of educational achievement in Turkey. One of the earliest ones is by Ferriera and Gignoux (2010) . It is also the article that concentrates exclusively on Turkey in investigating the nature and magnitude of unequal opportunities in education. They find that there are significant differentials in enrollment due to gender and region of residence. They find that disadvantageous circumstances affect girls more adversely than boys. Next, they use PISA test scores for 2006 and find that the share of inequality of opportunity in educational achievement in total educational inequality in about 26-27 percent when no correction for sample selection bias is made. When they correct for selection inequality of opportunity rises to 27-33 percent. Family background factors such as ownership of durable goods, book and cultural possession account for 75-80 percent of the index of inequality of opportunity.
One of their main findings is that although girls are disadvantaged in access to education, conditional on being in school gender is not an important determinant of achievement.
There are two other studies that provide information on the inequality of educational opportunity in Turkey while at the same time reporting on other countries. One is by Salehi-isfahani et al. (2012) There are several studies on inequality of opportunity and private tutoring in Turkey.
They discuss how private tutoring contributes to inequality of opportunity among the students. Private tutoring institutions prepare students for the nationwide highly competitive entrance examinations to the universities and selective good quality high schools. Access to private tutoring institutions is mainly determined by the family income. Thus indirectly family income determines who will attain university education and as a result succeed in the labor market and the society. Such issues are addressed by Tansel (2013a Tansel ( , 2013b , Tansel and Berberoglu (2015) , Tansel (2014) .
Methodology
The methodology used in the computation if the inequality of educational achievement is briefly described in this section. There are non-parametric and parametric methods of addressing this issue. In this paper we employ the parametric methods developed in the works by Bourguigno, Ferreira and Monendez (2007) ; Lefranc Pistolesi; and Trannoy (2009); Checchi and Paragine (2010) and Ferreira and Gignoux (2011a) . develop an absolute and a relative version of the measure of inequality of opportunity with an application to the advantage of income/consumption.
With the parametric methods it is possible to take into account a larger number of circumstances than it is the case with non-parametric methods albeit at the cost of making strong assumptions about the form of functional relationships between the advantages and the circumstances. A reduced form model of advantages as a function of circumstances and efforts can be estimated by the method of Ordinary Least Squares (OLS). In such a formulation the estimated parameters reflect both the direct effect and the indirect effect of circumstances through efforts on the advantage. In the notation of Ferreira and Gignoux (2011) the parametrically standardized estimates for the inequality of opportunity indices are given by
Where y denotes the advantage; PS stands for parametrically standardized distributions. a stands for the index in levels and r stands for the relative index. E 0 is the mean logarithmic deviation which is a member of the generalized entropy class when its parameter is set to zero.
Here it must be emphasized that these indices are lower-bound estimates of the inequality of opportunity since in any application, the number of factors included as the circumstances are necessarily less than the true number of factors.
An important advantage of the parametric approach is that it allows the estimation of partial effects of one or more circumstance variables while controlling for the other circumstance factors.
We now mention one important complication with the use of PISA data sets. These data sets cover only a limited portion of the population of the 15yearold individuals.
There are three main reasons for this in the PISA tests scores. As explained by Carvalho et al. (2012), first, not all off the 15yearolds individuals are enrolled in school.
Second, some of the 15yearolds are enrolled in low grades due to grade repeating. Third, "logistic difficulties in the application of the test". Finally, some schools may be excluded based on physical or intellectual deficiencies of the students. Further these rates vary over time and across countries. In most of the developed countries the coverage rate of the 15-year-old population is above 80 percent in PISA. In Switzerland it is almost 100 percent in PISA in 2006. However, the coverage rates are around 50 percent in Turkey.
Paes de Barros et al. (2009) and Peragine (2011) articulate that lack of access to a given advantage is more important and serious than the achievement in the test by the individuals for whom such advantage is accessible. Therefore, inequality in opportunity for access to education is as important (may be more important) as inequality of opportunity in achievement. Since PISA does not collect information about nonparticipant individuals the Heckman's correction procedure can't be applied.
This issue of sample selection and not observing those who did not take the test is addressed recently by several researchers. In the second simulation they ascribed scores to the non-participating individuals in the ancillary surveys. They assigned the lowest score or the highest score obtained by individuals very similar to them. There are two problems with this approach. One is that the ancillary data sets used for reconstructing the full sample of 15yearold individuals may not be comparable over time or across countries. This procedure requires many different country-specific survey data sets which may have different definitions for types. Second problem is that in the process of assigning scores to the individuals who did not take the test, strong assumptions need to be made. The In the empirical application section parametric methods will be implemented using Carvalho et al. (2012) to take into account the selection into PISA sample.
The Data
PISA tests were administered for the first time in 2000 and every three years there after. It is administered by the OECD. 30 OECD countries as well as a number of non-OECD countries participate in the PISA tests. Tests are given in mathematics science and reading to a sample of 15-year old students.
Turkey did not participate in PISA in 2000. However, the PISA results for Turkey are available for 2003, 2006, 2009 and 2012 and are used in this study.
Two main differences between PISA and TIMSS tests are that, while PISA is given in the areas of mathematics, science and reading, TIMSS is given only in mathematics and science. PISA is administered to 15-year-old students which cover students in grades 7 and up. TIMSS is given to students in the 4 th and 8 th grades. The 8 th grade covers students around 14 years of age. TIMSS is a curriculum based examination while PISA questions are based on life applications of curriculums in the relevant subject areas.
In 2012 the PISA tests were administered in 65 countries which represented 80 percent of the world economy. A total of 510 thousand students representing a total of 28 million students took the PISA tests. In Turkey the PISA tests are administered on April 22-30, 2012 in 170 schools in 57 provinces with participation of about 5 thousand students. 
Empirical Results
As explained in the methodology section we use the parametric methods developed in the recent literature. We compute the share of circumstances in the inequality of PISA test scores in mathematics, science and reading. Circumstances affect educational attainment but are beyond the individual's control. The use of parametric methods is preferred in this application since they allow the control of a larger number of circumstances factors than the non-parametric methods albeit at the cost of a linear functional form assumption. An additional advantage of the parametric methods is that they allow measuring the partial effect of circumstances on advantages.
We follow Ferreira and Gignoux (2010) We observe that the coverage rate of the 15-year old students is less than half except in the 2009 sample. The coverage rates are not uniform over the years which indicate the necessity of taking selection into PISA sample into account Therefore, the table 4 also reports the bi-dimensional equality of opportunity in achievement and access which in some cases reverse the order. Table 5 indicate a substantial decline in inequality of opportunity from the high levels in 2003 and smaller declines in the recent years of 2009 and 2012. In the last two years of 2009 and 2012 the inequality of opportunities using mathematics scores are higher than those based on the science and the reading scores. Table 6 gives the contributions of family background variables and community circumstances to inequality of opportunity. This table indicates that family background variables are more important than community characteristics and their importance have decline somewhat overtime from 2003 to 2012.
The figures in

Conclusions
This study investigates inequality of opportunity in educational achievements in Turkey Policies are necessary to improve equality of opportunity in education in Turkey especially by reducing the importance of family background factors. 
